Introduction

28
Hearing preservation with electric acoustic stimulation 29 (EAS) is a new trend for patients with residual hearing 30 at the lower frequencies. Recent techniques, including 31 round window insertion [1] , use of minimally invasive 32 electrodes [2, 3] , and postoperative steroid administra-33 tion [4] , enable hearing preservation rates of around 34 90-100% [5] [6] [7] [8] [9] [10] [11] . We demonstrated in our previous 35 report that hearing preservation can be achieved even 36 in the presence of a long electrode covering the residual 37 hearing region [12] . This is an extremely important 38 observation not only for EAS, but also because of the 39 advantage of the electrode being in place to cover 40 future hearing deterioration, which is very likely to 41 happen as hearing loss in almost all the candidates is 42 more or less progressive. A recent series of studies 43 in different centers further confirmed that hearing 44 preservation could be possible with full insertion of a 45 longer electrode [4, 6, 8, 9, [12] [13] [14] [15] . 46 When performing the hearing preservation surgery, 47 together with the natural course of progressive hearing 48 loss, the surgeon should keep in mind that hearing 49 threshold shift is unavoidable in the majority of cases 50 after insertion of an electrode. To choose the optimal 51 electrode for each individual, detailed data of hearing 52 threshold shifts on a multicenter basis are crucial. 53 We have previously published a report on short-54 term hearing preservation results of five cases 55 included in the current paper [12] . The present study 56 expanded the duration of observation, the number of 57 patients, and the number of the centers. 58
In this study, based on the minimally invasive 59 concepts and using a round window insertion, we 60 evaluated (1) hearing preservation results in 32 con-61 secutive surgeries in 30 patients (including 2 bilateral 62 cases), (2) the postoperative threshold shift of air 63 conduction and bone conduction, (3) whether or 64 not EAS is beneficial for Japanese-speaking patients, 65
and (4) whether or not EAS is beneficial even for 66 patients who do not meet the current audiological 67 EAS criteria.
68
Material and methods
69
We performed 32 consecutive hearing preservation 70 surgeries in 30 patients with residual hearing (Table I) (Table I) . 104 The round window approach was applied to 105 reduce the insertion damage of the cochlea. The 106 surgeries were performed by four surgeons (Table I) . 107 Intraoperative and postoperative systemic dexameth-108 asone treatment was given according to our protocol 109 [12] , i.e. intraoperative infusion of dexamethasone 110 sodium phosphate (8 mg) applied before drilling of 111 the bony edge of the round window niche and post-112 operative dexamethasone treatment administered for 113 6 days (8 mg, 8 mg, 4 mg, 4 mg, 2 mg, and 2 mg, 114 respectively). The insertion depth of the electrode 115 and the corresponding frequencies were estimated 116 using postoperative X-ray (X-ray digital linear 117 tomosynthesis).
EAS fitting
119
The frequency at which the audiogram surpassed 120 65 dBHL hearing loss was determined and the CI 121 low frequency crossover point was set at that 122 frequency point for fitting the EAS. 152 Results
153
The current study included five cases (nos. 25, 26, 27, 154 28, and 29) from our previous report [12] on short-155 term hearing preservation results, and expanded the 156 duration of observation, the number of patients, and 157 the number of centers involved.
158
Hearing preservation 159 Achievement of full insertion was confirmed by 160 combined postoperative imaging with the referential 161 tonotopic map and the corresponding frequencies and 162 the depth of the electrode were evaluated (see Usami 163 et al. [12] for examples). Figure 3 and 191 the average audiogram is shown in Figure 4A . Figure 6 ). The results for monosyl-257 lable, word, and sentence perception in noise were 258 improved from 25%, 12%, and 25%, preoperatively 259 with hearing aid to 66.7%, 82%, and 89% with EAS 260 12 months after the first fitting. In all of the 261 conditions, EAS showed the best results ( Figure 6 ).
Discussion
263
We first consider hearing preservation. We combined 264 postoperative imaging with the referential tonotopic 265 map and clearly showed that even with the use of a 266 long electrode covering the residual hearing region 267 it is possible to achieve hearing preservation with 268 EAS. 269 Overall, hearing preservation as well as speech 270 perception data obtained in this study correlate well 271 with recent reports [5] [6] [7] [8] [9] [10] [11] . As to hearing preservation, 272 residual hearing was well preserved even after deep 273 insertion (full insertion of 24 mm or 31.5 mm length 274 electrodes). As in other reports, hearing thresholds 275 dropped at the initial cochlear implant activation 276 1 month postoperatively. In particular, hearing dete-277 rioration at 500 Hz was evident compared with 278 250 Hz or 1000 Hz. After initial deterioration, 279 pure-tone thresholds were stable until 12 months. 280 In particular, air-conduction hearing was elevated 281 compared with bone-conduction hearing, suggesting 282 that this initial deterioration may be most likely due 283 to changes in cochlear micromechanics rather than 284 acute acoustic trauma. This phenomenon could be 285 explained by the slight lifting of the basilar membrane 286 in the middle turn that was seen in a temporal bone 287 study [16] . 288 In contrast, a slight hearing improvement could 289 also be observed in some cases (group 1, case no. no. 30, 500 and 1000 Hz), as seen in the preliminary 294 data we have previously reported [12] . This phenom-295 enon was constant until the 12-month evaluation, 296 suggesting that this was not a measuring error but 297 true improvement. This is probably due to alterations 298 of the basilar membrane behavior occurring after 299 electrode insertion. 300
We turn now to speech perception outcome. 301
Hearing preservation could be achieved in a high 302 number of patients, and combined EAS provided 303 good speech perception in both quiet and noise. 304
Speech discrimination and perception scores were 305 improved postoperatively with EAS in both of our 306 groups, indicating that (1) loss [17] [18] [19] . 361
In the present study, the responsible gene 362 (m.1555A>G, TMPRRS3, ACTG1) was identified in 363 3 of 30 patients (Table I) [18, 19] , and will contribute to 364 such decision-making in the near future.
365
The benefits of minimally invasive concepts in CI 366 surgery are needed not only for the patients with 367 residual hearing but also for the patients with pro-368 found hearing loss without any residual hearing, 369 because structure preservation is critical for (1) future 370 therapeutic interventions including gene therapy and/ 371 or regeneration therapy, and (2) vestibular function. If 372 acoustic stimulation is not applicable due to less 373 residual hearing, vestibular function could be a 374 good marker for structure preservation. Our recent 375 study on vestibular function of the patients with EAS 376 clearly demonstrated that the patients have compar-377 atively good vestibular function and it is important to 378 preserve not only residual hearing function but also 379 the vestibular function of the implanted ears, using 380 minimally invasive surgical techniques [20] . The 381 round window approach and soft electrode should 382 be preferred to decrease the risk of damage to 383 vestibular function [12] .
384 Conclusions 385 EAS is beneficial for Japanese-speaking patients 386 including those with less residual hearing at lower 387 frequencies, indicating that current audiological 
